OBJECTIVE: Medical school and residency are formative years in establishing patterns of prescribing. We aimed to review the literature regarding the extent of pharmaceutical industry contact with trainees, attitudes about these interactions, and effects on trainee prescribing behavior, with an emphasis on points of potential intervention and policy formation.
I
nteractions between physicians and the pharmaceutical industry have been coming under increasing scrutiny both within the medical field and among the public.
1,2 Pharmaceutical companies spend, on average, twice as much on marketing to physicians and the public as they do on research and development. 3 In 1999, 87% of the $13.9 billion spent on drug promotions was aimed at physicians, 1 with an estimated expenditure of $8,000 to $13,000 spent per year per physician. 1 Total expenditures for drug promotion rose to $16 billion in 2000. 4 The medical literature has demonstrated that promotional activities can effectively influence the behaviors of practicing physicians, such as prescribing decisions and requests to add medications to a formulary. 5 Despite many layers of evidence that marketing is effective, physicians may frequently be unaware of being influenced by marketing when making prescribing decisions. [6] [7] [8] The effects of gifts from industry to physicians in general have been summarized elsewhere, but no published reports have reviewed the literature on the pharmaceutical industry's influence over medical trainees. 5, 9 The circumstances and effects of pharmaceutical industry promotions on medical trainees may differ substantially from those of practicing physicians. Because medical students, residents, and fellows are forming early preferences and practice patterns, they may be particularly vulnerable to the effects of industry promotions. Moreover, the educational, financial, social, and institutional contexts in which these interactions occur are often markedly different from those of practicing physicians. Understanding trainees' attitudes and behavior in response to pharmaceutical promotions is essential to inform policy and to guide the growing numbers of programs in medical schools and post-graduate programs that aim to educate trainees about marketing and prescribing. Our aim is to review the literature regarding the extent of pharmaceutical industry interactions with trainees, the presence of guidelines for appropriate interactions with trainees, attitudes about these interactions, and effects on trainee prescribing behavior, with an emphasis on points of potential intervention and policy formation.
METHODS
We searched MEDLINE from 1966 until May 2004 for English language articles using the key words ''pharmaceutical industry,'' ''drug industry,'' ''pharmaceutical manufacturers,'' ''pharmaceutical companies,'' ''pharmaceutical representatives,'' or ''pharmaceutical firms,'' combined with the subject headings ''education, medical,'' ''education, medical, graduate,'' ''education, medical, undergraduate,'' ''internship and residency,'' or the key word ''housestaff.'' All original English language articles were included if the abstract reported content relevant to any aspect of medical training and the pharmaceutical industry. Studies focused on training program faculty were also included, because faculty serve in a teaching and role-modeling capacity for trainees, and transmission of educational values occurs through them. Articles without abstracts were examined directly for relevance. Editorials were reviewed for content and were included if original investigations not published elsewhere were described. Guidelines and policy recommendations were excluded. All bibliographies of included articles were cross-referenced for other relevant studies, which were then included, as were recent articles brought to our attention.
In order to summarize the common themes in the studies, questions from surveys were grouped by the consensus of the authors when the themes they addressed were equivalent, even if worded differently between studies. These questions are represented in the tables by compact question statements intended to preserve the meaning of the theme. In certain cases, we categorized items in studies using implicit criteria (e.g., deeming a type of gift ''educational'' or ''noneducational'') to allow comparison with other studies. Survey results regarding trainee knowledge, attitudes, and behavior were extracted by one of us (DZ) in the form of percent agreement with a statement or Likert-scale responses (1 =strongly agree, 2 =agree, 3 =neutral, 4 =disagree, 5 =strongly disagree). To maintain consistency in our presentation of data, results of negatively worded questions or those using an inverted Likert scale (i.e., 1 =strongly disagree, 5 =strongly agree) were reversed when grouped with other questions that addressed the same theme. Instances where this was done are noted in the tables. No papers for which we display Likert-scale data used a smaller or larger number of items.
In places where we discuss data from students and residents, we have used the term ''trainees''; otherwise, we have used the more specific term ''students'' or ''residents'' (no studies evaluated fellows). All data for training program faculty, program directors, and chief residents are reported separately in the tables.
RESULTS
The initial search retrieved 155 articles. Twenty additional articles were found upon review of the bibliographies of these articles and through notification of recent publications. Fiftyeight articles were excluded because their subject matter did not deal with the pharmaceutical industry and trainees. Sixtynine articles were excluded because they were editorials or commentary or news items, and 5 were excluded because they were guidelines or policy recommendations. The 44 articles that were ultimately included are summarized in Table 1 .
CHARACTERISTICS OF STUDIES
The identified studies were published between 1960 and 2004, with 3 studies published prior to 1990, 11 studies between 1990 and 1994, 18 between 1995 and 1999, and 12 between 2000 and the beginning of 2004. Eleven studies reported educational interventions, 9 of which also reported attitude surveys. [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Twenty-four studies reported the results of surveys. [21] [22] [23] 25, 27, 30, 31, [34] [35] [36] [37] [38] [39] 41, 42, [44] [45] [46] [47] [48] [49] [50] 52, 53 The remaining 9 studies described other aspects of the interface between trainees and the pharmaceutical industry (Table 1) . 24, 26, 28, 29, 32, 33, 40, 43, 51 The vast majority of studies used written surveys and descriptive statistics. Of the total of 31 studies that surveyed attitudes, 3 used modifications of a scale originally validated by McKinney, while the remaining 28 utilized unvalidated instruments. 16, 41, 52 Sample size across studies ranged from 12 to 1,917, with a median of 214. Response rates ranged from 31% to 100%.
TYPE AND EXTENT OF INDUSTRY CONTACT
Pharmaceutical representatives interact frequently with trainees and provide small gifts during sponsored meals, conferences, and scientific meetings. In 1 study of medical students, 90% reported having received at least 1 book from a drug company. 36 Residents in Internal Medicine and psychiatry have reported attending between 1.5 and 8 industry-sponsored lunches or rounds per month, 27,41,42,46,52 emergency medicine residents have been reported to interact with pharmaceutical representatives 1 to 3 times per week, 44 and in a more recent study, medical students reported a mean of 10.6 contacts per month. 23 A study of Internal Medicine program directors revealed that 89% allowed industry sponsorship of conferences, 84% allowed residents to meet with pharmaceutical representatives, and 85% accepted industry food for conferences, although 71% of programs had other sources of funding for food. 47 Pharmaceutical representatives were allowed to give presentations in roughly half of Internal Medicine and emergency medicine programs. 21, 47 Among emergency medicine chief residents, 93% reported involvement of pharmaceutical representatives in their programs, 44 while in another study of emergency medicine programs, 18% at least occasionally allowed unrestricted interactions between representatives and residents at work, 32% allowed sponsored speakers to present topics to the residency, 41% allowed representatives to teach residents directly, and 40% accepted cash support for social activities.
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TRAINING ABOUT INTERACTIONS WITH INDUSTRY
A number of studies have assessed medical student and resident training for interactions with pharmaceutical representatives and their awareness of guidelines that address these interactions. In 3 of 4 studies, a majority of trainees reported insufficient training about how to interact with pharmaceutical representatives, 16, 23, 41, 52 and about half desired more teaching on the subject. 38 In another study, the majority of residents also stated that training was insufficient in the area of sample medication use. 37 In a survey of Internal Medicine residency programs, Lichstein found that 26% of programs offered instruction on how to assess pharmaceutical representative marketing claims. 47 Resident, chief resident, and program director awareness of and familiarity with guidelines and position statements ranged from 1% to 70% between different studies, 10, 25, 34, 44 and in another study, 23% of residents reported having read them.
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ATTITUDES
Attitudes toward interactions with and information received from pharmaceutical representatives varied in different study settings ( Table 2) . Several of the studies surveyed both trainees and faculty in the same medical centers, and others surveyed faculty program directors; where applicable, data from both groups are presented to highlight similarities and differences. Substantial numbers of residents and faculty found pharmaceutical representative interactions to be ''appropriate,'' ''important,'' ''beneficial,'' or ''ethical'' and felt that they should be permitted. However, at least 2 studies suggest that residents Characteristics of the distribution of samples 54% of samples given to patients, 46% family/self/ other, 39% economic rationale, and 53% therapeutic rationale; simultaneous written prescription matched sample brand 100% of time from programs with regulatory policies took a more skeptical approach to interactions than residents from programs without policies. 27, 46 Individual residents believed themselves to be more immune to industry influence than their colleagues. In 5 studies, fewer than half of the residents believed that interactions with pharmaceutical representatives could influence their own prescribing, 29, 30, 38, 41, 42 while in 1 study, 84% believed that representatives could influence the prescribing of other physicians 30 ; similar results were also found in studies using Likert scales. 13, 52 In 1 study, faculty were more likely than residents to believe that residents' prescribing can be influenced in general. 45 The theme of personal immunity to industry influence was also reflected in questions about receiving gifts. Across a number of studies, residents stated that most types of gifts (including sponsored meals) were appropriate, and a minority felt that gifts influenced behavior. 11, 30, 34, 45 Even for the most Educational gifts included textbooks, pocket antibiotic guides, dinner lectures, journal article reprints, and funding for CME travel, across studies. Not all studies reported on all of these items. Non-educational gifts included pens, pocketknives, calendars, mugs, videos, golf balls, meals, social outings, and luggage across the various studies for which results are listed. z Results from this study included both faculty and residents; data were not given separately. # Inexpensive gifts included pocket antibiotic guides, small textbooks, journal article reprints, pens, lunches, mugs, pocketknives, and golf balls. Expensive gifts included large textbooks, dinner lectures, social outings, funding for travel to CME and luggage, and gifts valued over $50. ÃÃ Range in these values represents programs with regulatory policies versus programs without policies.
expensive of gifts (worth $10,000 and above), 1 study found that 23% of faculty and 15% of residents felt that physicians would not be influenced. 52 Other data on differences between residents and supervising faculty are conflicting. In a recent study, only 3 of 18 industry promotion scenarios received significantly different ethical ratings by the 2 groups. 22 In contrast, a study in an emergency medicine program revealed that residents were far more likely than faculty to believe that gifts were an appropriate way to learn about new products. 45 Finally, most residents and faculty considered medication samples to be appropriate, with one half to three quarters of the respondents feeling that they influence prescribing, 22, 34, 37 and studies document a wide range of opinions on the ethics and influence of sponsored lectures and conferences.
BEHAVIOR
Most of the studies of trainee behavior resulting from interactions with industry did not measure objective behavioral outcomes such as prescribing, attendance at sponsored events, or use of promotional gifts. Instead, most surveys asked respondents to report on their own past behaviors or expected future behaviors (Table 3) .
One study that did use objective outcomes used chart review to evaluate resident prescribing in a psychiatry residency and found a statistically significant association between individual company sales visits and initiation of the company's medication by residents within 12 weeks of the sales visit. 28 In 2 studies using self-report surveys, about one third of residents reported changing their practices based on discussions with pharmaceutical representatives and information learned from industry presentations at teaching conferences. 42, 53 In the latter case, although 11% of statements by representatives were inaccurate, only 1 in 4 residents recalled ever hearing a false statement. 42 A study which surveyed residents after a Grand Rounds presentation on Lyme disease was given by a pharmaceutical representative found that attendees were more likely than non-attendees to name the speaker's drug as first line both when it was indicated and when it was not.
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Many residents also report accepting gifts and patient education items from industry representatives, even when residents think these gifts are inappropriate (Table 3) . 30 The use of samples is another area in which objective outcomes have been measured. In 1 study of new prescriptions for hypertension among family practice residents and faculty, prescriptions written for guideline-recommended agents nearly doubled among residents (from 39% to 72%) after a policy prohibiting sample use was instituted. 24 Other studies have
shown that the vast majority of residents accept samples to use for patients. 37, 45 When samples were given for a chronic condition and a written prescription accompanied the sample, it matched the sample 100% of the time. 51 
POLICIES AND EDUCATIONAL INTERVENTIONS
Several studies have examined the presence of policies for the interaction of pharmaceutical representatives with residents as well as for the use of sample medications. In 1992 and 1993 in the United States, 35% of Internal Medicine programs stated that they had a formal policy or guidelines regarding interac- Program policies toward samples % of programs allowing free samples to be given to residents at work 48 21 Ã Values represent residents and faculty, combined.
OR, odds ratio.
tions with pharmaceutical representatives, while 30% to 58% of family practice programs and 61% of emergency medicine program directors reported the same. 45, 47, 49, 50 Twenty-five percent of Canadian psychiatry and family practice residencies reported the presence of a formal policy. 25, 35 However, in 2 studies, many residents (73% -77%) and chief residents (54%) were not aware of the presence or absence of policies or established guidelines. 38, 44 In a random sample of family practice programs, residents from programs without policies were more likely than residents from other programs to view interactions with pharmaceutical representatives as beneficial (54% vs 27%, P =.003), to view detailing as helpful (41% vs 10%, =0.001), and to feel that the gifts were appropriate (50% vs 19% for inexpensive gifts, P =.001, 18% vs 5% for expensive gifts, P =.005). 46 Another sample of family practice residency programs found that programs with pharmacists on the faculty were more likely than other programs to have printed guidelines for interactions with pharmaceutical representatives, and more likely to include methods of evaluating promotional materials in their curriculum. 50 In a survey of psychiatry chief residents and program directors, respondents from departments and programs without guidelines perceived an increased degree of industry influence on their residents' psychiatry training. 25 The long-term effects of the presence of policies in residency have been evaluated in 2 studies. 27, 31 In these studies, physicians who had graduated from programs with or without a restrictive policy were equally likely to interact with pharmaceutical representatives 27, 31 or to accept samples. 31 However, 1 of these studies found that interactions were less ''intense'' among graduates exposed to a policy during residency (i.e., in 1 of 2 comparisons, they scored lower on a combined ''contact score'' that included participation in out-of-hospital social events and acceptance of consulting fees, among other interactions). 27 In addition, this study also found that graduates of the program with a policy were significantly less likely to find pharmaceutical representative information helpful in guiding their practice. 27 Among studies of educational interventions for which pre and postsurveys were conducted, receiving the intervention was associated with a stronger belief that discussions with pharmaceutical representatives and promotional items can impact prescribing, 16 stronger beliefs that pharmaceutical representatives may use unethical practices and that other physicians' prescribing patterns can be negatively influenced by gifts, 13 beliefs that resort seminars bias physician behavior and that it is unethical to accept funding to attend these seminars, 11 less agreement that drug advertisements provide educational material, 11 less approval of pharmaceutical gifts, 17 and an increase in resident confidence in managing aspects of the interaction with pharmaceutical representatives. 15 There was no significant change in residents' view of their own prescribing practices after the program in one study, 13 but another study found that after the educational intervention residents were more likely to believe that promotional items can impact their prescribing. 16 Certain program policies were directed at the use of sample medications. Sixty-six percent of family practice programs reported having a policy regarding sample medications, although only 15% of those incorporated recommendations of the Society of Teachers of Family Medicine. 37 In that study, 41% of residents from programs with a sample policy were aware that a policy existed, whereas 42% of residents not governed by a sample policy thought that one was in place. 37 
CONCLUSIONS
In our review of studies on interactions between the pharmaceutical industry and physicians in training, several themes emerge. The frequency of resident interaction with the pharmaceutical industry was high, and the majority of residents believed that industry interactions were appropriate. Despite evidence suggesting that pharmaceutical representative interactions can influence prescribing, a majority of residents felt that their own prescribing could not be influenced by interactions or gifts, while allowing that others' prescribing could be influenced. Many programs lacked policies to regulate or inform interactions with industry representatives, and trainees reported insufficient training in how to approach these interactions and other forms of industry promotion, despite a high frequency of contact. Trainees' self-assured attitudes toward influence and their lack of training in how to interpret pharmaceutical marketing techniques, combined with limited but suggestive evidence that education and policies can change attitudes and practices, suggests a central role for education and policy. The 9 educational interventions reviewed provide a limited set of models by which curricula may be implemented, including lecture-, video-, and seminar-based curricula, as well as evaluations of pharmaceutical representative presentations, both real and staged. The studies reviewed here suggest that these interventions can be effective at raising trainee awareness of influence and increasing their skepticism towards information presented by industry. However, the time to the follow-up survey was short in each of these studies, so the long-term effects on attitudes remain uncertain, as do the effects of these interventions on skills and behavior. While the current data are not sufficient to recommend the inclusion of one particular teaching intervention in residency curricula, larger scale randomized evaluations of educational curricula are warranted.
While these curricula represent an important first step, a more vigorous set of interventions may be necessary to effectively counter the effects of pharmaceutical marketing. In particular, such interventions should focus on problem areas in knowledge, attitudes, and practices that have been documented in the literature. For example, curricular-and practicebased interventions should emphasize training students and residents to critically assess marketing practices and information received from industry, challenging prevailing local beliefs about acceptable levels of interaction with industry, and debunking the common belief among trainees that they are impervious to influence. This might take the form of an ongoing series of seminars to address educational deficiencies in these areas. Simultaneously, interventions that target faculty and chief residents to encourage appropriate role modeling in their daily interactions with trainees are likely to play a critical role in establishing new cultural norms for trainees and promoting alignment of the overt with the ''hidden'' curriculum. It is important that these interventions incorporate proven methods to change physician behavior, namely, they should be sustained, interactive, and multifaceted, and should use local opinion leaders (e.g. chief residents and respected faculty members) and/or ''academic detailers.'' [54] [55] [56] In addition, the widespread absence of policies and high frequency of interactions with industry representatives suggest an important role for regulation. The implementation or modification of residency program policies is likely to be helpful, as some studies suggest that the presence of policies is associated with more skeptical attitudes toward industry and fewer future interactions with representatives. Such policies, when clear and explicit, can not only modify current behavior but can also help establish norms that may remain with trainees into subsequent stages of their careers. Moreover, these policies and norms should guide not only the interactions between trainees and industry representatives but also the interactions that the industry enjoys with program leaders and the training programs they represent. Senior program faculty and chief residents should set an example by moderating their own contact with industry representatives, as well as by minimizing or eliminating industry funding for and involvement with the educational and social components of their programs.
Given the breadth and importance of this issue, a nationwide approach is merited. Curricular recommendations should be established by the Accreditation Council for Graduate Medical Education (ACGME) and the American Association of Medical Colleges (AAMC) as part of their larger efforts to standardize and improve medical education. For example, the ACGME's Practice-based Learning (PBL) core competency addresses residents' skills in evaluating scientific evidence and critically appraising the medical literature in making patientrelated decisions. 57 Because physicians may adopt practice patterns and attitudes from pharmaceutical marketing, even when they believe they rely on scientific sources, 6 evaluating the validity of pharmaceutical marketing information is an important part of mastering this competency. Similarly, educating trainees about the influence and ethics of marketing can contribute to meeting the standards of the ACGME's Professionalism competency, 58 as well as providing skill-based training on preferred methods of interacting with industry representatives. Educational curricula will only be effective if trainees view them as necessary, making it important to understand trainee attitudes so as to tailor curricula to their interests and needs. In addition, it is important to understand the attitudes and practices of supervising faculty, given their central role in developing and implementing curricula and their status as role models for professional behavior. Therefore, while national recommendations may be warranted, local factors are also critical to acknowledge and incorporate into training curricula, as opportunities for change are highly contextual within cultures of medical practice. 32 The experience of McMaster University is illustrative, wherein faculty, residents, and pharmaceutical representatives were all involved in the process of creating guidelines, with the result being the successful implementation of policies ending drug-sponsored lunches, industry presence at educational events, and funding of events requiring the inclusion of materials by the sponsor. 59 Finally,
further high-quality research is needed to evaluate the longterm effectiveness of interventions and thus guide future efforts in this area. While the literature informs our understanding of this topic, several limitations of the studies we reviewed merit attention. Many of the studies are small, and of limited power. Most of the survey instruments used were not validated; the validated attitude scale introduced by McKinney et al. has been used by other authors, but with few subjects. Also, few studies have used objective measures of actual behavior change in trainees. However, the self-report and knowledge surveys among trainees reviewed here suggest that interactions with pharmaceutical representatives influence prescribing, which is also suggested by studies of behavioral outcomes in practicing physicians as well as the inherent goals of advertising and promotion in a profit-based marketplace. 3, 7, 8 Another limitation is that the potentially charged nature of this subject may have led to bias in assessments of knowledge, attitudes, and behavior. However, the wide variety of studies that produce a generally consistent message about knowledge, attitudes, and behavior suggests that these effects are both real and generalizable.
In summary, the pharmaceutical industry has a significant presence during medical training and has gained the overall acceptance of trainees. Residents acknowledge the potential for industry influence in others, but generally not in themselves, despite evidence that they themselves are influenced as well. Given this state of affairs, it is time for a major shift in the culture of medical training. Serious and sustained interventions have the potential to substantially modify these attitudes and behavior, and to improve the skills of trainees in dealing with industry marketing and information. Such efforts can foster a climate of best practices that is less likely to be compromised by the promotional efforts of individual pharmaceutical companies.
